The evolution of intramedullary lesions following an acute spinal cord injury was monitored with sequential magnetic resonance (MR) imaging. Seven patients who had sustained cervical spinal cord injuries were followed up from the acute to the chronic phase of the cord injury. MR images were evaluated not only qualitatively but also quantitatively. All intramedullary lesions were quantita tively analysed by T2 values. In the qualitative analysis, the regions with hyperintensity on T2-weighted images and isointensity on T1-weighted images were consistent with the region of simple oedema or gliosis. The former gradually disappeared after the acute phase, whereas the latter remained until the chronic phase. The regions with hyperintensity on T2-weighted images and hypointensity on Tl-weighted images may represent cysts filled with necrotic tissue or clear fluid, or necrosis. The evolution of these lesions was also able to be monitored quantitatively by T2 values.
Introduction
Pathological changes occurring in injured spinal cords have been well described in experimental animalsl. 2 and in humans. 3 , 4 However, models of spinal cord injury have been limited by an inability to monitor the evolution of pathological changes. Magnetic resonance (MR) imaging has shown, non invasively, high sensitivity for detecting the intramedullary lesions and can be re peatedly performed on patients with spinal cord injuries. Therefore, MR imaging may be potentially useful for recording and monitoring the evolution of the intramedul lary lesions in vivo. The purpose of this study is to evaluate the time course of intramedullary lesions on MR images and to assess a relationship between MR findings in our series and pathological changes that have been reported in previous studies.
Materials and methods
The subjects were seven male patients with cervical spinal cord injuries who underwent MR imaging from the acute phase to the chronic phase. Their ages ranged from 32 to 72 years with a mean of 56 years and 5 months. The causes of injury, injury level(s) and the main location of the spinal cord injuries are listed in Table I . All were treated surgically between April 1990 and March 1992 in our hospital. Two patients with traumatic spinal instability underwent posterior decompression and facet fusion using titanium wire. The other five patients without damage to their spinal column were treated by laminectomy. These patients had spinal canal stenosis due to spondylosis or ossification of the posterior longitudinal ligament. The mean duration of the post operative follow up was 7.9 months (range: 3-17 months).
MR imaging was performed with a 1.5-tesla super conducting magnet (Mag netom; Siemens) using the spin-echo (SE) sequence. T1-weighted images (Tl-Wls; TR = 600/TE = 15) and T2-weighted im ages (T2-WIs; TR = 2057-3116/TE = 90) with cardiac gating were obtained. As the T2-WIs were acquired using the multislice, multiecho technique, an additional series of images (proton density weighted images; obtained from calculated T2 images by using operator-defined regions of interest (ROI). When T2 values varied in different regions of an intramedullary lesion, we adopted the T2 value of the widest region as the T2 of the intramedullary lesion. Those of the normal spinal cords were measured at the C1 level in each patient.
The intramedullary lesions were divided into the following four groups by the pat terns of signal abnormality on T1-WIs and/ or T2-WIs. Group 1 lesion, the hyperinten sity area on T2-WI had disappeared within 12 weeks from the date of injury. Group 2 lesion, the hyperintensity area on T2-WI remained after 12 weeks with isointensity on Tl-WI. Group 3 lesion, the hyperintensity area on T2-WI remained after 12 weeks; this lesion also demonstrated the hypointensity on T1-WI after the acute phase. Group 4 lesion, the hyperintensity area on T2-WI appeared after 12 weeks. This lesion was observed cephalad to the injured level.
The evolution of the intramedullary le sions was qualitatively and quantitatively evaluated on MR images. The qualitative analysis was carried out on both sagittal and axial images.
Results
A combination of these lesions was present in each patient (Table I) . Group 1 and 2
Paraplegia 32 (1994) 9-18 lesions were observed in all seven patients, group 3 lesions were observed in six patients (cases 2-7), and group 4 lesions in two patients (cases 6-7). The distribution of each lesion is summarised in Table II .
Qualitative analysis
Group 1 lesions existed above and below the primary lesions and extended longitu dinally in all seven patients. In the acute phase, they demonstrated high signal inten sity on T2-WIs and isointensity on Tl-WIs. Subsequently, these hyperintensity areas gradually diminished in size and then disap peared by the chronic phase (Figs 1-3) .
Group 2 lesions were observed in areas adjacent to the core of the intramedullary lesions in six of seven patients (cases 2-7, Fig 2) . When the patients had multilevel injuries, these lesions were also present in the other less severely damaged level (cases 4, 5, 7, Fig 3) . It was rare that a group 2 lesion was observed in the core of the main lesion (case 1, Fig 1) . They demonstrated hyperintensity on T2-WIs and isointensity on T1-WIs through all phases. Group 3 lesions were observed in the core portion of the intramedullary lesions in all six patients (cases 2-7). In the acute phase, they demonstrated hypointensity (case 3) or hyperintensity (cases 2-7) on T2-WIs, and isointensity on T1-WIs. Subsequently, dur ing the intermediate phase, their intensity pattern changed to hyperintensity on T2-WIs, and to hypo intensity on Tl-WIs. This pattern was maintained until the chronic phase. The hypointensities on Tl-WI ap peared as early as 3 weeks after injury, and were occasionally combined with the high signal margin during the early intermediate phase (cases 2,4,7: Fig 3) .
Group 4 lesions were observed as early as 13 weeks after the initial injury. On T2-WIs, they appeared as a high signal band in the posterior column. They were present ceph alad to the primary lesions. Moreover, the primary lesions involved the posterior column.
Quantitative analysis
T2 values of each lesion and of the normal site are listed in Table III .
Evolution of the T2 value.
The changes of T2 values were charted and can be seen in Figure 4 . In the acute phase, 112.7 ± 10.1 (7/7) 114.5 ± 24.6 (6/6) 80.6 ± 9.7 (6/12) 107.0 ± 18.6 (6/11) 147.1 ± 13.1 (5/10) 71.8 ± 8.9 (7/7) 71.6 ± 2.4 (7/11) 105.4 ± 10.6 (7/11) 172.5 ± 43.1 (6/10) 104.3 ± 7.2 (2/6) been investigated in previous studies.7-1 2 In the acute phase, hyperintensity within the spinal cord on T2-WIs is thought to repre sent increased extracellular fluid (oedema) or petechial haemorrhage, whereas hypoin tensity on T2-WI indicates a larger haemor rhage and is attributed to deoxyhaemoglo bin.7-9, 11 , 1 3 In the chronic injury, the lesion demonstrating hypointensity on Tl-WI and hyperintensity on T2-WI is thought to be myelomalacia or an intramedullary cyst. 11 . 1 2 However, there have been few reports on the subsequent evolution of the intramedul lary lesion following the spinal cord injury on MR images. 1 2 ,1 3
Duration after injury
In our series, group 1 lesions existed above and below the primary injury site and extended longitudinally. In addition, they gradually disappeared during the intermedi ate phase. We believe that group 1 lesion is consistent with simple oedema because its location and time course is similar to that observed in the oedema of pathological specimens in sustained spinal cord in juries.3 . 4 Group 2 lesions correspond to the 'N/Hi' pattern (intensity on Tl-WI/hyper intensity on T2-WI) described by Yamashita et at. They speculated that these findings represented oedema, myelomalacia and/or a microcyst. 11 Group 2 lesions were mainly observed adjacent to the site of injury or at other less severely damaged levels. Further more, these lesions remained long after the injury in spite of having undergone surgery. For these reasons, we speculate that a group 2 lesion does not represent the oedema, but represents a gliosis occurring in a less severely damaged area. Group 3 lesions existed in the core of the intramedullary lesion, this being the most severely damaged area. The intensity on TI-WI decreased during the intermediate phase. This means that necrotic areas of the spinal cord lead to the formation of the cysts filled with ne crotic tissue or fluid. Previous reports des cribed that the lesion with both hyperinten sity on T2-WI and hypointensity on Tl-WI probably represented an intramedullary cyst or myelomalacia.ll.1 2 In this study, a group 3 lesion could be consistent with a cyst and/or necrosis occurring 10 the most severely damaged area.
The breakdown of axons and myelin In this study, group 4 lesions were ob served in two patients as early as 13 weeks after the initial injury. They appeared in the posterior column cephalad to the site of injury. This lesion is consistent with Wal lerian degeneration in the posterior column following spinal cord injury, because the primary lesions included the posterior col umn and the evolution of signal intensity changes is similar to that observed in Wal lerian degeneration in the human brain following cerebral infarction or intra cerebral haemorrhage. 1 7 , 18 We speculate that the mechanism of the hyperintensity on T2-WI is as follows. In the later phase of Wallerian degeneration, the tissue becomes hydrophillic after myelin lipid breakdown, and the subsequent clearance of myelin breakdown products by macrophages and glial proliferation increases water content, both of which result in T2 prolongation. 16-1 8
In our preliminary study of the T2-value measurement, the evolution of cord lesions were evaluated quantitatively. T2 values of the group 1 lesions gradually decreased within several weeks after injury. The decre ment of the T2-value is thought to reflect the subsidence of the intramedullary oedema. T2 of the group 3 lesions were generally longer than those of group 2 during the intermediate and chronic phases. We speculate that the advanced liquefaction extends the T2 of the group 3 lesions at these phases. In this study, T2 measure ments were performed using the two-points method described by Ohtomo et al. They indicated that this method appeared to be effective in differentiating between two he patic lesions smaller than 2 cm. 5,6 Similarly, we also tried to differentiate between intra medullary lesions, almost all of which were less than 1 cm in diameter. Although a statistical analysis was not performed be cause of the limited number of patients, the evolution patterns of each lesion could be
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Paraplegia 32 (1994) [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] differentiated by T2 values. A more detailed investigation of this method will be neces sary in the future.
In conclusion, the evolution of intra medullary lesions following a spinal cord injury was monitored with sequential MR imaging. The cord lesions were differenti ated by the combination of signal abnormal ities and their characteristic evolutionary patterns.
